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APPARATUS FOR REMOVING SEMICONDUCTOR WAFERS 
FROM WITHIN THE RUNNER DISKS OF A 
DOUBLE-SIDED POLISHING MACHINE 

5 CROSS-REFERENCE TO RELATED APPLICATIONS 
Not Applicable 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 
Not Applicable 
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BACKGROUND OF THE INVENTION 

£3 This invention relates to an apparatus for removing semiconductor wafers from within the 

m runner disks of a double-sided polishing machine. 

fi 

£0 It is known to work semiconductor slices or wafers (SC wafers) by means of polishing 

fh machines in such a way that a high degree of smoothness, non-defectiveness, and fineness of the 
L surface is obtained. Such a double-sided poUshing machine has become known from DE 195 47 
^3 086. Runner disks having three apertures, for example, to receive SC wafers interact with an 
ii outer and an inner pinned rim and are rotationally advanced if at least one of the pinned rims is 
li driven. This causes the SC wafers to perform a cycloidal motion which is overlain by the rotation 

of the working disks. Thus, it is possible to machine parallel-sided surfaces on work pieces at a 

high accuracy. 

25 The known machine also makes it possible to position the runner disks for the loading or 

unloading of the SC wafers. While this does not apply to the circumference of the runner disks it 
does apply to the center thereof Hence, it is possible to stop the center of a runner disk at a 
predetermined point, using the drive of at least one pinned rim. 

30 The runner disks have been fed and unloaded again by hand hitherto. Any manual 
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handling of a freshly polished SC wafer involves the risk that its polished surface might be 
damaged, e.g. by producing marks or scratches. Particularly critical are those damages which 
cover the front side of the SC wafer. Also, freshly polished SC wafers are extremely sensitive to 
non-controlled attack by chemicals such as an etching agent. As is known the polishing of such 
5 SC wafers using the machine described is a mechanical and chemical process. Any further 
chemical impact of the polishing agent is detrimental upon completion of the polishing process 
and, therefore, requires to be stopped as rapidly as possible, e.g. by transferring the SC wafer to a 
rinsing, neutralizing or cleaning bath. 



10 Since the double-sided polishing operation on SC wafers as described is a so-called batch 

process a large number of SC wafers needs to be removed as rapidly as possible upon completion 
of the process. 

[T= It is the object of the invention to provide a device for removing SC wafers from within 

|S the runner disks in a double-sided polishing machine in which the SC wafers may be rapidly 
^ removed and deposited in an automatic maimer with no manual step. Furthermore, the SC disks 
H are intended to be removed in a desired order. 
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BRIEF SUMMARY OF THE INVENTION 



/ y The inventive device provides a suction head which may be cormected to a vacuum and, 
^u"^ ip one aspect oPAe invention, may have one or more suction cups. These suction ports or suction 
cups are designed sb^tiiat all of the SC wafers of a ruimer disk can be gripped and raised 
simultaneously. The su^^n head is adapted to be rotated by means of a rotary ^ve for an 
25 alignment towards the SC ^fers lying in a runner disk. The suction head, after being swiveled to 
a lay-down device, may be adjusb^ again in a predetermined aligned position towards the 
lay-down device. 



The suction head is rotatably supported on an arm, preferably a swivel arm which, in turn, 
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is rotatably or adjustably supported about a vertical axis. In addition, the arm is adjustable in 
height by means of a lifting drive. A control device is provided for the individual drives to 
control the position of the arm and the suction head above a runner disk and the lay-down device. 

As was already mentioned at the beginning the polishing machine is capable of precisely 
controlling the runner disks in their position between the pinned rims. Therefore, it is possible to 
precisely position each runner disk with respect to the removing apparatus. Hence, it is readily 
possible as well to use the control device for moving the arm to a position in which the axis of 
rotation of the suction head is aligned towards the center of a runner disk. Rotating the suction 
head will then make it possible to associate the suction ports and suction cups with the SC wafers 
received in the runner disk. In one aspect of the invention, this can be accomplished by the fact 
that a mark, e.g. a bore, is associated with a reception aperture of the runner disk and the suction 
head has a sensor for detecting the mark. 

It is desirable and even prescribed frequently to take the SC wafers out of the polishing 
machine in the order in which they were inserted. For example, if the first SC wafer is placed by 
hand or machine in that reception aperture of the runner disk to which the mentioned marking 
belongs and further insertion is effected in a predetermined sense of rotation it will also be 
possible to deposit the SC wafers on a lay-down device in a predetermined orientation so that 
they may be conveyed, for example, to a reception cassette in the same direction as the one while 
they were loaded from the lay-down device. 

In another aspect of the invention, the lay-down device has a circular plate adapted to be 
driven by a rotary drive which is subdivided into three sectors wherein each sector has at least 
one nest to receive a semiconductor wafer and is supported so' as to be tiltable about a horizontal 
axis and one sector each is adapted to be aligned towards a transfer portion leading to a cassette. 
When a sector is tipped with an SC wafer received therein this one will slide, for example, on a 
film of a conveying liquid, to a reception cassette. Such a device has been known as such. The 
receiving circular plate is already in a liquid bath so that scratches or other harms to the surface 





are avoided during the conveyance described. 
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Preferably, the suction head has two suction cups for each SC wafer being removed, 
which cups lie on a radius of the SC wafer when the suction head is aligned towards the SC 
wafers. Preferably, a suction head will then lie aligned towards the center of the SC wafer. 



Immersion baths are provided for the suction cups in the nests of the lay-down device and 
the lay-down circular plate. This allows to keep the suction heads wet and to rinse them during a 
break. 

10 

One aspect of the invention provides that the arm is pivotally supported about a vertical 
axis in a bearing component and is driven by a semirotary drive and that the bearing component 
--3 is movably supported along a linear guide which is arranged between the polishing machine and 
[fi another polishing machine where the bearing component is adapted to be displaced by an 
i^' actuator drive along the guide. In this aspect of the invention, the unloading apparatus is capable 
V} of altematively being employed on one of two polishing machines disposed next to each other by 
= means of a linear transfer device. The mode of operation allows for two different options. First, 

the inventive unloading apparatus is able to effect the removal of wafers from wdthin two 
ry double-sided polishing machines (single-stage process). The rate of process time in the unloading 
M time is about 5 %. Therefore, the unloading apparatus is preponderantly in a stop position. If two 
machines are linked by the inventive unloading apparatus the cost per SC wafer removed will be 
correspondingly lower. Furthermore, some mounting area and, possibly, an operator v^dll be 
saved. One operator is required for each plant in case of two individual plants. In the inventive 
unloading apparatus, one operator may attend to two plants by using one unloading apparatus. 



The inventive unloading apparatus may also be employed for a two-stage process in case 
of two double-sided polishing machines. At this point, the SC wafers, after undergoing 
machining, are transferred by means of the unloading apparatus from a first machine to the 
second machine which effects finishing. After finishing, the removing or unloading apparatus 
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may deposit the SC wafers in the wet stockpiler. 

It is known to support the upper polishing plate in a swivel-away position with respect to 
the lower one in order that there be a free access to the runner disks and SC wafers. If two 
5 double-sided polishing machines are disposed next to each other when the inventive unloading 
apparatus is used it is useful, therefore, to design the individual machines in such a way that the 
upper polishing pilate be always swivelled away in a direction opposed to the polishing plate of 
the other machine in order that the machines may be juxtaposed very close to each other. 

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The invention will now be explained in greater detail with reference to an embodiment 
'l 3 shown in the drav^ngs. 

1% Fig. 1 shows a plan view of a polishing machine v^th the upper working disk swiveled 

^ away and having a removing device according to the invention; 

It Fig. 2 shows a section through the right-hand half of the polishing machine of Fig. 1 and 

through the removing apparatus; 

ii 

Fig. 3 shows a plan view of another embodiment of a lay-dovm device for the removing 
apparatus of Figs. 1 and 2, and 

Fig. 4 shows a plan view of two polishing machines v^th the upper polishing plates 
25 swivelled away and having a removing apparatus in another aspect of the invention for the two 
polishing machines. 
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DETAILED DESCRIPTION OF THE INVENTION 

While this invention may be embodied in many different forais, there are described in 
detail herein a specific preferred embodiment of the invention. This description is an 
exemplification of the principles of the invention and is not intended to limit the invention to the 
particular embodiment illustrated. 

Referring to the Figures, 10 designates a machine fi-ame of a double-sided polishing 
machine as has become known, for example, fi*om DE 195 47 086. It has a lower working disk 
12 which is rotatably supported in the machine fi-ame and is adapted to be driven fi"om a suitable 
drive which is not shown in detail. An upper working disk is pivotally supported on an arm 14 
which is shown as partially having been swivelled away in a clockwise sense in Fig. 1. The upper 
working disk cannot be seen because of a cover 18. The arm 14 can be rotated about an axis of 
rotation 16 and is operated by a semirotary drive which is not shown either. 

The lower working disk 12 is of an annular type. It is surrounded by an outer pinned rim 
20, and an inner pinned rim 22 is inside the ring. One or either of the two pinned rims 20, 22 may 
be rotationally driven. Five runner disks 24, which are provided with outer teeth so as to be in 
engagement with the outer and inner annular rims 20, 22, are arranged in the annular region 
between the inner and outer pinned rims 22, 20. When the toothed rims are rotated the runner 
disks are rotated as well while being advanced at the same time. This has been known for such 
working machines, also especially for polishing machines, for example, from DE 195 47 086 
which was mentioned above. The working disks are covered by a polishing cloth, and polishing 
liquid is fed during the polishing process. 

Each rumier disk 24 has three reception bores spaced at 120° to receive a semiconductor 
wafer 26 as is also l^wn as such. Fig. 1 presupposes that each of the five runner disks 24 is 
loaded with three SC waJ^s each which have been machined before and are now intended to be 
gradually unloaded. This is acbcmiplished with the aid of an unloading apparatus which will now 



ybe described in detail. A bracket 28 is mounted on the machine frame 20. It carries a motor 30 
with a gearbox 32 and a pinion shaft 34. A special bearing 36 having inner teeth constitutes a 
romtional connection to a lifting imit 38. The lifting unit 38 may be pivoted about a vertical axis 
by memis of the motor 30. It is understood that the pivoting motion may also be substituted for 
by a linear motion. The lifting unit 38 has a carrier component 40 which holds a motor 42 and 
has a linear guide 44 for a carriage 46. The carriage 46 is coupled to a motor 42 via a screw drive 
48, which is nordescribed or illustrated in detail, in order that a lifting motion at minimal 
increments may be performed in a freely programmable manner. The carriage 46 holds a swivel 
arm 50 on which a motbr 52' shown in dotted lines is arranged. The swivel arm 50 has rotatably 
supported at the free end a suction head 52 about a vertical axis 54. In addition, it may be 
rotationally driven by a motor 52' via a belt 56 which couples a driven wheel of the motor 52' to a 
wheel on the head 52. As can be seisn from Fig. 1 the head 52 has three arms 58 disposed at 
spacings of 120\ Each arm has two sixfction cups 60, 61 which lie on the radius of a SC wafer 26 
when the axis 54 is aligned towards the center of a runner disk 24 and the arms 58, in tum, are 
aligned towards the SC wafers 26. As is appareht from Fig. 2 the suction cups 60, 61 are 
connected to a vacuum source not shown in detail via appropriate lines 62. 

Each runner disk 24 has a bore 64 which is associated with a reception aperture. While 
the polishing machine is loaded the SC wafers being processed are manually inserted in a way 
that the reception aperture associated with the bore 64 is loaded first and the remaining reception 
apertures are loaded subsequently in a predetermined sense of rotation. This loading operation 
then continues for each runner disk 24 in the same manner. 



58 of the suction head 20 has a lateral arm 68 on which a sensor 70 is mounted. 
As is apparentvfrom Fig. 2 it projects downwards like a pin and is situated slightly above the 
plane of the low^^ds of the suction heads 60, 61 . The sensor 70 helps in detecting the bore 64 
of a runner disk 24 in Older that the suction head be moved to a desired rotational position at a 
place above a runner disk wiA the arms 58 being appropriately arranged with respect to the SC 
wafers 26. \ 
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' /Fig. 1. It 



A^lay- 



-down device 72 is shown on the right-hand side next to the machine frame^lO in 
^li^ yfig. 1. It has aHay-down circular plate 74 which is adapted to be indexed in steps of 120*" by 
( means of a rotary drive which is not shovra in detail. The circular plate 74 has three segments 76 
each of which has a nest 78Uo receive an SC wafer. Arranged in each of the nests 78 and lying on 
a radius are two immersion ba&i^SO for the suction cups 60, 61 of the suction head 52. More 
reference thereto will be made farthetvbelow. Each sector 76 may be tilted about a horizontal axis 
by means of a displacing device which is not shown in detail. 



Each sector 76 may be aligned towards a chute 82 which is flowed over by a liquid film 
10 which is fed through slotted apertures 84. Such a device is known as such. The chute conveys SC 
wafers received to a cassette 86 which is adjustable in height and is supported in the frame not 
shown in detail of the lay-down device 72 in order to gradually receive the incoming SC wafers. 

-.3 The entire lay-down device is in a cleaning and neutralization bath. 

rn 

f i As is outlined at 88 and 90, the transfer device leading from the lay-down circular plate 

Cn 74 to the cassettes may also be positioned in another arrangement. 

-J The way of action of the device described will now be explained. 

2§ The runner disks 24, when in the final phase of the polishing process, are positioned by 

means of a device as has become known from DE 1 95 47 086, namely in a way that the rurmer 
disk which was loaded first, e.g. runner disk 26, will be stopped below the swivel arm 50 with 
the SC wafers 1, 2, and 3 being in the desired position. While the position of the reception bores 
of the runner disk and, hence, the position of the SC wafers 26 is xmknown the position of the 

25 center of the runner disk 24 is known. When this positioning applies the upper working disk can 
have been swivelled away already or can be swiveled away as is shown in Fig. 1. Once the 
positioning of the first runner disk is completed the swivel arm 50, along with the suction head 
52, will be swivelled above the runner disk 24 with the axis of rotation 54 being aligned with the 
center of the nmner disk. Subsequently, the suction head 52 is rotated by means of an appropriate 
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localizing device until the sensor 70 has been aligned with the bore 64 of the runner disk. 
Because if the runner disks are loaded manually that aperture of the runner disk which is closest 
to the bore 64 will always be loaded initially the control unit "knows" which SC wafer to unload 
first. This is of significance for the lay-down operation later. After the suction head 52 is aligned 
5 a vacuum is applied to the suction cups 60, 61 and all SC wafers 26 of a runner disk may be 
raised simultaneously and may be positioned above the lay-down circular plate 74 by means of 
the swivel arm 50. During this swiveling motion, the suction head 52 is tumed, by means of the 
aforementioned rotational drive motor 52a, to its neutral position. In this position, that SC wafer 
26 which is intended to be removed initially will be opposite the chute 82. Subsequently, the SC 

10 wafers are deposited in the nests 78 of the circular plate 74 by lowering the arm 50 and 

eliminating the vacuum. Tilting the first sector may then cause the first SC wafer to migrate to 
the cassette 86 via the chute 86. Subsequently, the rotary drive which is not shown will rotate the 

%J circular plate 74 through 120° so that the No. 2 SC wafer is aligned towards the chute 82. Finally, 

In the No. 3 SC wafer will be removed in the same manner. 

f i 

C n The rotary drive of the machine has meanwhile positioned the next runner disk 74 in der 

I manner described and unloading is effected again in the manner described. Thus, the SC wafers 
may be unloaded in a speedy manner and in the order in which the machine also was loaded. 

M The suction cups 60, 61 may be lowered into immersion baths 80 of the circular plate 74 

during a break in order to be kept wet and undergo rinsing. 

The polishing machine illustrated in Figures 1 and 2 serves for machining SC wafers 12 
inches in diameter. However, it is also possible to work smaller SC wafers the diameter of which 
25 is 8 inches, for instance, on such machines. In this case, the runner disks will have 6 reception 
apertures and the suction head 52 is provided with six arms having suction cups for raising six 
SC wafers at a time in a runner disk. The lay-down circular plate for the lay-down device, 
however, is shaped in a way similar to that of Fig. 2. A sketch thereof is shown in Fig. 3. 
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The lay-down circular plate 74a of the lay-down device 72a as shown in Fig. 3 also has 
three sectors 76a. Each sector 76a has two lay-down nests 94, 98 to receive SC wafers. For the 
rest, the sectors 76a are adapted to be tilted about a horizontal axis as are the corresponding 
sectors 76 of Fig. 1 and the lay-down circular table 74a may be indexed in steps of 120*" in order 
to align one sector 74a each towards a transfer line 98 leading to a station 100 in which a cassette 
is arranged so as to be adjustable in height (which is not shown in detail). Unlike the transfer line 
of Fig. 1, the transfer line 98 has two different planes to simultaneously convey SC wafers from 
the two nests 94, 98 to the cassette. Like the nests 78 of Fig. 1, the nests 94, 98 may be provided 
with immersion baths for the suction cups of the suction head. 



In the embodiment of Fig. 4, two double-sided polishing machines are disposed next to 

each other. The left-hand one is identical to the double-sided polishing machine of Fig. 1 . 
.3 Likewise, the lay-down device (wet-type feeder) is identical to that of Fig. 1. In addition, the 

right-hand side of Fig. 4 shows another double-sided polishing machine the structure of which is 
|| identical to that of the double-sided polishing machine shown on the left except that its upper 
tn polishing disk (which cannot be seen either) is adapted to be pivoted in an anticlockwise sense 
" when swiveled away from the lower working disk 12a, in contrast to the left-hand machine in 

which the upper polishing disk is pivoted in a clockv^se sense. For the rest, the reference 
f y numbers of the left-hand machine are equal to those of the machine of Fig. 1 and the right-hand 

machine of Fig. 4 also has the same reference numbers to which an index a is added. 

qJ^-^ Qh^lg. 4, the bracket which pivotally supports the swivel arm 50 about a vertical axis to 
^ ^ /(^^ adjust^b^ehi height and which is indicated by 28 in Fig. 2 may be displaced along a 

/linear guide 100 beh\(een the machines in a horizontal direction along the double arrow 102. This 
25 / purpose is served by an^tuator drive which is not shown. Thus, the unloading apparatus 50 may 
be used in optionally operatihg the left-hand and the right-hand polishing machine. Fig. 4 depicts 
the operation of the right-hand poUshing machine from the unloading apparatus with the 
A unloading apparatus 50 being shown m^otted lines. Hence, semiconductor wafers may be 
deposited in the lay-dovra device 72 froniboth the one and other machine. It is also possible to 



transfer uje semiconductor wafers from one machine to the other machine if a so-called two-stage 
process is c^i^;^! out. 

The above Examples and disclosure are intended to be illustrative and not exhaustive. 
These examples and description will suggest many variations and alternatives to one of ordinary 
skill in this art. All these alternatives and variations are intended to be included within the scope 
of the attached claims. Those familiar with the art may recognize other equivalents to the 
specific embodiments described herein which equivalents are also intended to be encompassed 
by the claims attached hereto. 
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